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Abstract
In a randomized controlled trial, we investigated the effects of karate versus a
mindfulness-based stress reduction (MBSR) intervention on well-being and
cognitive functioning in older adults. Fifty-five adults (52–81 years old) par-
ticipated in twice-weekly karate versus MBSR sessions or no training for
8 weeks. In pre- and postassessments, subjective well-being, health, cognitive
functioning, and chronic stress were measured. Preassessment hair cortisol
served as physiological stress marker. The results showed an improvement
for the karate group, but not the MBSR and control group, in subjective
mental health and anxiety as well as cognitive processing speed. The MBSR
group showed by trend as a decrease in stress. No significant correlation
between preassessment hair cortisol and postassessment outcomes could be
established. But the higher the level of baseline self-reported perceived
stress, the higher the increase in depression, anxiety, and chronic stress.
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Generally, it can be assumed that karate and MBSR showed only small
training effects concerning the assessed emotional and cognitive parameters.
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Older adults face many biopsychosocial stressors (Kahana, Kahana, & Lee,
2014). These stressors may include increased job strain due to reduced ability
to adjust to time pressure and job demands (Virtanen et al., 2015), declining
health and limited mobility (Lee et al., 2012), or alternatively the decline of
memory, reasoning, as well as phonemic and semantic fluency after retirement
(Singh-Manoux et al., 2012). There is evidence that an accumulation of such
stressors may cause depression (Tsai, Chi, & Wang, 2015). In turn, chronic
negative affect has been found to increase cortisol levels as physiological stress
markers among older adults (Piazza, Charles, Stawski, & Almeida, 2013).
Since these late life stressors can have such negative consequences, it
appears crucial to identify training methods that teach effective stress reg-
ulation to increase well-being and counteract cognitive decline in older
adults. To date, some evidence has been accumulated on the role of phys-
ical activity and mindfulness-based interventions on emotional well-being
and cognitive functioning.
The Role of Physical Activity in Emotional Well-Being and Cognitive
Functioning
There is extensive empirical evidence that physical activity is beneficial for
reducing symptoms of depression. Previous meta-analytic reviews yielded
moderate to large effects when comparing exercise conditions to waitlist
control conditions (Lawlor, 2001). In these meta-analytic reviews (e.g., Craft
& Landers, 1998), the effects of different exercise types (running, running
and walking, walking, nonaerobic activity, and other aerobic activity) were
comparable. When specifically addressing samples of older adults, similar
findings emerged (Strawbridge, Deleger, Roberts, & Kaplan, 2002). More-
over, evidence shows that regular, not sporadic exercise is associated with
improved mood in older adults, including an enhanced feeling of competency
and self-efficacy. Mood-improving effects were found for all types of exer-
cise (cardiovascular, resistance training, mixed), but particularly for
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resistance training (Arent, Landers, & Etnier, 2000), when exercise was
practiced fewer than 3 days per week, for more than 45 min or adjusted to
participant’s individual needs, and with low-to-medium intensity.
Concerning cognitive functioning, Colcombe and Kramer (2003) ana-
lyzed, in their meta-analytic review, if physical activity enhances cognitive
functions of healthy older adults. The authors differentiated between a
cardiovascular only training and a combined strength and aerobic training.
They found the highest benefit of physical activity for executive functions,
including cognitive control and speed, however, spatial processes also
improved. Older groups showed larger effects than younger groups.
Furthermore, benefits were more pronounced after participation in a com-
bined strength and aerobic training than in aerobic training alone. Yet, in a
later meta-analysis of 11 aerobic intervention studies with older adults
(55 years or older), Angevaren, Aufdemkampe, Verhaar, Aleman, and
Vanhees (2008) highlighted that there appeared to be large differences
concerning the kind of cognitive functioning that showed improvement
following physical exercise and that many training effects remained non-
significant. These authors found beneficial effects on motor function, cog-
nitive speed, delayed memory functions, and auditory and visual attention.
Moreover, a recent systematic review did not find an effect of physical
exercise on cognitive functioning (Young, Angevaren, Rusted, & Tabet,
2015). The incongruent findings reflect different research strategies, Col-
combe and Kramer included quasiexperimental studies whereas Angevaren
et al. (2008) and Young, Angevaren, Rusted, and Tabet (2015) exclusively
focused on randomized controlled designs.
So far, much research focused on cardiovascular fitness and aerobic exer-
cise. One specific kind of physical exercise thatmay be in particular beneficial
for well-being and cognitive functioning is karate, a form of martial arts,
practiced for self-defense and to improve health. The physical component
of karate entails moving forward and backward, while simultaneously per-
forming arm- and/or leg movement techniques. Arm techniques are divided
into a group of receiving techniques, executed to defend oneself against
attacks, and a group of techniques to attack with fists, open hands, or fingers
(punch, strike). Leg techniques (kicks) are used in forward, sideways, and
backward directions. The lower abdomen (hara) is meant to ensure stability
through motion. Karate involves the whole body and combines motor activity
with the cognitive demand of learning long sequences of motor movements
(i.e., kata). Surprisingly, studies on the potential benefits of karate training on
emotional well-being and cognitive functioning are extremely scarce. Muin˜os
and Ballesteros (2015) showed that older karate trainees had increased
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dynamic visual acuity, a marker of perceptual processing speed, compared to
sedentary controls. In a studywith older adults (67–93 years), the karate group
indeed improved in emotional well-being compared to a control group but did
not improve in cognitive functioning (Jansen & Dahmen-Zimmer, 2012).
The Role of Mindfulness in Emotional Well-Being and Cognitive
Functioning
Mindfulness is described as the ability to be in the present moment without
judging the situation (Kabat-Zinn, 1990). Mindfulness-based stress reduction
(MBSR) is a programoriginally designed to reach this state. The individual learns
how to observe experiences, instead of being completely immersed.Mindfulness
training can reduce symptoms of stress and negative feelings and also distur-
bances in mood (Brown & Ryan, 2003). In a preliminary study with older adults
who showed increased worrying and some cognitive dysfunctions, Lenze et al.
(2014) showed that worries decreased after an MBSR training of either 8 or 12
weeks. De Frias andWhyne (2015) showed that adults with higher levels of trait
mindfulness showed a decreased negative effect of life stress on mental health.
The number of studies, which investigate the effect of mindfulness-based
interventionsonage-related cognitive decline, is rather small.Moreover, studies
are difficult to compare due to the use of a different meditation techniques.
However, there are some preliminary reports on positive effects on attention,
memory, executive function, processing speed, and general cognition (Gard,
Ho¨lzel, & Lazar, 2014). More specifically, Moynihan et al. (2013) showed that
MBSR training with older adults (age 65 or older) yielded small but significant
changes in executive functions compared to awaiting control group. In the study
of Lenze et al. (2014), theMBSR training group showed large improvements in
worry severity as well as in memory as measured by paragraph learning and
recall after a delay. Furthermore, there is evidence for a relationship between
trait mindfulness and executive functioning, in particular set shifting, which is
mediated by perceived stress in older people (Fiocco & Mallya, 2015).
In contrast to these positive results, therewere also studies showing no effect
of mindfulness-based training on cognitive functions. For example, Anderson,
Lau, Segal, and Bishop (2007) could not find a benefit for attentional control
after an 8-week MBSR program. Also, Lykins, Baer, and Gottlob (2012) did
not find an advantage of long-term mindfulness meditators over demographi-
cally matched nonmeditators in attentional control. Both studies were com-
prised of young adults (give age range). In the study of Mallya and Fiocco
(2016), older adults (age range) served as participants; however, again no
increase in cognitive functions could be found after MBSR training.
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Differential Effects of Karate and MBSR on Emotional Well-Being
and Cognitive Performance
The review of the intervention literature suggests that both karate training
and MBSR may affect well-being and cognitive functioning in later life.
Whereas MBSR focuses on teaching purposeful nonjudgmental awareness
and attention, karate combines physical exercise with cognitive training and
thus can induce ‘‘time out’’ from negative thoughts and worries (cf. Jansen &
Dahmen-Zimmer, 2012) while additionally including the aspect of physical
activity. The present study aims to investigate whether karate training and
MBSR differentially contribute to increased emotional well-being and cog-
nitive functioning in older adults. For cognitive functioning, we chose to
investigate mental rotation, working memory, and cognitive processing
speed, because those variables have been shown to relate to both physical
activity (e.g., Pietsch & Jansen, 2012) and mindfulness-based interventions
(Gard et al., 2014). To capture the full range of emotional well-being, we
focused on both the reduction of depression and the enhancement of pos-
itive emotions. In addition, accounting for the relevance of normative
biopsychosocial stressors in later adult life, stress was measured on a sub-
jective as well as physiological level, and the impact of stress on the extent
of change was assessed.
Method
Participants
Participants were recruited via advertisements in the local newspaper. Exclu-
sion criteria included previous heart attack, heart surgery, neurological dis-
eases (e.g., stroke, Morbus Parkinson), severe orthopedic illnesses, dementia,
or psychiatric disorders. Initially, 102 participants were interested in the
study. Participants were randomly assigned to one of the three groups: the
karate training group, the MBSR training group, or the no training control
group. A total of 36 volunteers left the study prior to preassessment because
they refused to attend the classes they were assigned to, resulting in 66
participants (karate: n ¼ 25, MBSR: n ¼ 19, and control group: n ¼ 22)
who completed preassessment and two thirds of the training (66% of total
training sessions). After inclusion, 11 participants dropped out during the study
without giving any reason (karate: n ¼ 2, MBSR: n ¼ 4, and control group:
n¼ 5). Thus, the final sampleof the study comprised55participants aged52–81
years old (M ¼ 63.5; SD¼ 5.7), of whom, 21 were male (38.2%) and 33 were
female (60.0%). One person did not provide information on sex (1.8%).
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Procedure
Before participation, all volunteers received an information letter and written
consent was acquired. All demographic and psychological measures, as well
as the hair samples, were collected at baseline within 1 week prior to the first
training session (Time 1). The tests were individually administered at the
same time during the day for the pre- and posttest in a quiet room of the
university and each session lasted around 75 min. First, questionnaires were
completed followed by the cognitive tests. During testing, participants were
not allowed to think aloud. Between each test, there was a short break and
refreshments were provided. At the end of the session, hair samples were
collected to investigate hair cortisol concentration (HCC). Subsequently,
both training groups received 15 training sessions over a period of 8 weeks,
that is, training was performed twice a week (with the exception of 1 week in
which training was only conducted once due to a holiday). During this time
period, the control participants did not receive any intervention. The train-
ings were conducted in morning group sessions at the Sports Center of the
University. Psychological measures were reassessed in the morning for all
three groups after 8 weeks (Time 2). For the karate and the MBSR group,
the postassessment immediately followed the last training session. The
control group was reassessed in the same week. The study was conducted
according to the guidelines regarding human experimentation in the
declaration of Helsinki and approved by the ethical board of the German
Society of Psychology.
Interventions
The karate training group performed Shotokan karate (karate-Do) according
to the guidelines of the Deutscher Karate Verband (DKV, German Karate
Federation). Karate-Do involves Kihon, Kumite, and Kata. Kihon involves
performing specific movements with legs or arms, and combinations of both,
kumite consists of training with a partner, kata is the execution of a variety of
tactical fighting exercises (Kanazawa, 2006). The participants learned to
carry out attacking and defending techniques together with the partner.
Emphasis was put on cooperative training to help both partners to benefit
from the training. Participants learned simultaneous movements of legs and
arms and exercised partner trainings. With respect to Kata, participants
learned the ‘‘Heian Shodan.’’ The training was conducted by an experienced
senior male karate trainer. He has a license from the DKV (>20 years of
training experience, including older participants).
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The mindfulness-based intervention was based on the MBSR by Kabat-
Zinn (2003). MBSR focuses on teaching mindful awareness that is charac-
terized by a nonevaluative, continuous moment-to-moment awareness of
one’s experience. The MBSR is composed of didactic and practice elements.
It incorporates sitting and walking meditation, body scan exercises, and
mindfulness communication. In all these elements, training focuses on the
perception of and attention to one’s own body, mental states, and emotions.
The training was conducted by a professional experienced male teacher for
MBSR. There were no specific partner tasks. MBSR and karate training
lessons each lasted around 60 min.
Materials
Demographic data. Single-item questions assessed participants’ age, sex, and
physical activity (yes/no). Participants reported somatic illnesses in open text
fields.
Training adherence. The trainers maintained a list of the weekly training
participation.
Measures of emotional well-being
Subjective well-being. A Multidimensional Mood Questionnaire (‘‘Mehrdi-
mensionaler Befindlichkeitsfragebogen’’ [MDBF]; Steyer, Schwenkmezger,
Notz, & Eid, 1997) was used to assess subjective well-being. The question-
naire includes 24 items with a 5-point rating scale ranging from 1 (not at all)
to 5 (very much) that are grouped into the subscales Mood (elevated vs.
depressed mood), Fatigue (wakefulness vs. sleepiness), and Alertness (calm-
ness vs. restlessness). Cronbach’s a was reported with .86 to .94 for the
subscales (Steyer et al., 1997).
Anxiety and depression. The Hospital Anxiety and Depression Scale
(HADS; Zigmond & Snaith, 1983; German version by Herrmann-Lingen,
Buss, & Snaith, 1995) is a 14-item screening tool to assess the state of anxiety
(HADS-anxiety) and depression (HADS-depression) with 7 items each.
Answers are given on a 4-point Likert-type scale (0 ¼ mostly to 3 ¼ not
at all for positive and inversely coded scales for negative items), so that
higher scores indicate higher symptom severity (possible range 0–21). Cron-
bach’s a was .73 for HADS-anxiety and .78 for HADS-depression
(Herrmann-Lingen et al., 1995). HADS values 7 are inconspicuous, values
>11 are pathological.
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Optimism and pessimism. The Life Orientation Test–Revised (LOT-R;
Scheier, Carver, & Bridges, 1994; German version by Glaesmer, Hoyer,
Klotsche, & Herzberg, 2008) is a self-report instrument that measures indi-
vidual differences in generalized optimism versus pessimism with 10 items
(three positive optimism, three negative pessimism items, and four filler
items). The response format is a 5-point Likert-type scale ranging from 0
(strongly disagree) to 4 (strongly agree), with higher sum values indicating
stronger optimism or pessimism, respectively (possible range 0–12). Cron-
bach’s a was .69 for optimism and .59 for pessimism (Scheier et al., 1994).
Subjective health. The 12-Item Short-Form Health Survey (SF-12; Ware,
Kosinski, & Keller, 1996) is a standard tool to assess health-related quality of
life. It measures subjective physical and mental health by 12 items with
higher scores indicating better health-related status. The physical and mental
summary health score can be calculated following the scoring algorithm
outlined in the manual, rendering scores with a mean of 50 (+10 SD). The
scale was empirically shown to be valid in association with other physical
and mental health measures (Ware et al., 1996). We applied the German
version as introduced by Bullinger and Kirchberger (1998).
Psychometric measures of cognitive functioning
Mental rotation. The mental rotation performance was measured using
the mental rotation (Peter et al., 1995) test. It is comprised of 24-cube
figures created by Shepard and Metzler (1971), which are separated into
two sets of 12 items each. The items are printed on four A4 sheets of
paper, equaling 6 items per sheet. Each item represents a row of five
stimuli, one target stimulus on the left side and four sample stimuli on
the right. Participants are instructed to mark the two sample stimuli that
are identical but rotated versions of the target stimulus. Participants are
given a 3-min time limit for the first 12 items, followed by a 4-min break
and another 3 min for the second set of 12 items.
Cognitive processing speed. The number connection test (‘‘Zahlenverbin-
dungstest’’ [ZVT]; Oswald & Roth, 1987) was used to assess cognitive
processing speed. The test consists of four sheets of paper, each with a matrix
of the numbers 1–90 presented in a scrambled order. Participants have to
connect the numbers in ascending order as fast and correctly as possible. The
ZVT has satisfactory convergent validity evident in its high correlations with
diverse standard IQ tests (r¼ .60 to .80; Vernon, 1993). In the present study,
we calculated t-values from the participants’ mean response times across all
four trials, with higher scores indicating better cognitive processing speed.
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Inhibition. Inhibition was measured using the stroop color–word interfer-
ence test (Ba¨umler, 1985). This version of the Stroop test consists of three
tasks. The participants first read color words (i.e., blue, green, red, and
yellow) printed in black ink (reading score), then they name the color of
small square patches (nomination score). Finally, they are asked to name the
color of the ink in which the color words are printed. Thereby, the color of the
ink is incongruent with the semantic meaning of the word (interference
score). In the interference task, the automatic response (reading) has to be
inhibited. For each task, the participant is shown a A4 sheet of paper with 72
items in three columns. Each task is repeated three times with new items. We
calculated t-values of the interference score with higher scores indicating
better inhibitory performance.
Working memory. The verbal working memory was assessed using the digit
span task (German version by Petermann, 2012) in which participants listen
to series of digits (e.g., 5-8-2, 3-2-7-9) which they have to repeat either in the
same (forward) or reversed (backward) order. The test includes 28 items, and
the number of digits per series increases by one until a participant fails to
remember 2 items of the same length. One point is given for each item a
participant recounts correctly, resulting in total sum scores ranging from 0 to
28, with higher scores indicating better working memory performance. The
digit span task was able to differentiate nonclinical and clinical samples with
disorders related to memory deficits (Conklin, Curtis, Katsanis, & Iacono,
2000), thus showing adequate validity.
Stress assessment
Perceived stress. Perceived stress was measured using the Trier Inventory
for Chronic Stress (TICS; Schulz & Schlotz, 1999; Schulz, Schlotz, &
Becker, 2004). The TICS comprises 57 items in nine subscales (work over-
load, social overload, pressure to perform, work discontent, excessive
demand at work, lack of social recognition, social tensions, social isolation,
and chronic worrying). The TICS also includes a 12-Item Screening Scale as
a global measure for chronic stress. Subjects rate how often specific stressful
situations were experienced during the last 3 months on a 5-point Likert-type
scale (0¼ never to 4¼ very often) with higher values indicating more stress.
The scale is adequately reliable (Cronbach’s a ranging from .84 to .9; Schulz
et al., 2004).
Hair cortisol concentration. We assessed HCC as physiological indicator of
chronic stress before the start of the trainings in the two training groups. HCC
is a new, intraindividually stable measure of chronic HPA axis activity that
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can provide a retrospective calendar of accumulated cortisol exposure
(Meyer & Novak, 2012; Russell, Koren, Rieder, & Van Uum, 2012; Stalder
& Kirschbaum, 2012). It has been shown that the amount of hair cortisol
relates to increased chronic stress in different contexts (Staufenbiel, Penninx,
Spijker, Elzinga, & van Rossum, 2013). We collected hair samples of
10–20 mg as described in Kirschbaum, Tietze, Skoluda, and Dettenborn
(2009) by cutting two hair strands (minimum 1-cm segments) from two sites
in a posterior vertex position as close as possible to the scalp. A commercially
available immunoassay with chemiluminescence detection (IBL, Hamburg,
Germany) was used to determine cortisol concentration. The intraassay and
interassay coefficients of variation were below 10%. The samples were ana-
lyzed in the Laboratory of Prof. Kirschbaum (Dresden, Germany).
Statistical Analysis
Descriptive sample characteristics and training adherence were analyzed
with w2 tests for categorical variables and analyses of variance (ANOVAs)
were performed for metric dependent variables. Thus, in order to investigate
the effect of karate or MBSR training versus the control group on emotional
well-being and cognitive functioning, we conducted 3 2 repeated measures
ANOVAs with group (between-group factor) and time (within-group factor)
as independent variables. Significance levels were set at a ¼ .05. Post hoc
analyses of within-group changes were conducted using dependent
Bonferroni-corrected t-tests. Bivariate Pearson correlation analyses were
used to explore the association between treatment adherence and change
(i.e., pre–post difference scores) in the dependent variables. Moreover, to
address the association between changes over the training period and chronic
stress level, we conducted bivariate Pearson correlations of self-reported
chronic stress (i.e., sum score of TICS Screening Scale) and physiological
stress (i.e., accumulated cortisol in hair) at preassessment with the pre–post
difference scores of all dependent variables.
Results
Descriptive Statistics and Training Adherence
Sample characteristics are shown in Table 1. The participant groups did not
differ significantly concerning sex, age, physical activity, or somatic
illnesses.
As mentioned above, 11 participants dropped out during the course of the
study; four participants who had begun MBSR training (21.1%), two
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participants who had begun karate training (8%), and five participants
(22.7%) of the control group. These dropouts did not provide any reason for
ending their participation. Subjects who dropped out (8 females, 3 males)
were significantly older (M¼ 69.42, SD¼ 8.62) than the subjects who stayed
in the study (M¼ 63.59, SD¼ 5.74), F(1,64)¼ 8.30, p < .01, Z2¼ .115. The
two groups differed significantly in only one of the nine dependent measure-
ments, with the dropped-out subjects showing a reduced processing speed,
F(1, 64) ¼ 9.35, p < .01, Z2 ¼ .127, during pretesting.
In the remaining sample (n¼ 55), the mean number of completed training
sessions in the intervention groups was 13.0 (SD ¼ 1.75) with a range of
8–15 sessions. The karate group (M ¼ 13.26; SD ¼ 1.48) and the MBSR
group (M ¼ 12.60; SD ¼ 2.10) did not differ significantly concerning the
number of completed training sessions, F(1, 36) ¼ 1.30, p ¼ .262. The
number of completed training sessions was not significantly correlated with
the extent of change in any dependent measure of emotional well-being or
cognitive performance.
Emotional Well-Being
Subsequently, we investigated the impact of training on subjective well-
being in terms of mood, fatigue, and agitation (MDBF), symptoms of anxiety
and depression (HADS), optimism and pessimism (LOT-R), as well as sub-
jective physical and mental health (SF-12; Table 2).
The repeated measure analysis yielded a significant main effect of group
for self-reported symptoms of fatigue (p ¼ .012, Z2 ¼ .16). Bonferroni-
corrected post hoc analyses revealed that the control group reported less
fatigue than the karate group (p ¼ .010), whereas no significant difference
Table 1. Demographic Characteristics of the Study Groups.
Karate
(n ¼ 23)
MBSR
(n ¼ 14)
Control
(n ¼ 17)
w2ðdf¼2Þ p% (n) % (n) % (n)
Sex (female) 73.9 (17) 57.1 (8) 47.1 (8) 3.09 .213
Age (M, SD) 62.57 (4.19) 63.29 (8.53) 65.24 (4.66) 1.09a .346
Physical activity (yes) 73.9 (17) 71.4 (10) 70.6 (12) 0.06 .971
Somatic illness (yes) 45.5 (10) 69.2 (9) 31.3 (5) 4.19 .123
Hair cortisol (pg/mg) 11.14 (7.75) 15.56 (22.01) 12.74 (14.43) 1.63 .333
Note. N ¼ 55.
aF-statistic of univariate analysis of variance.
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emerged between the control group and the MBSR group (p ¼ .175) or
between the karate and the MBSR group (p > .999). As shown in Table 2,
there was no significant main effect of group on any other measure of well-
being or subjective health.
Table 2. Descriptive Statistics and F-statistics of Repeated Measure Analyses of
Variance of Emotional Well-Being and Subjective Health as a Function of Group and
Time (N ¼ 55).
Dependent
Variable Group
Pre Post Time Group
Time 
Group
M (SD) M (SD) F(df¼1) F(df¼2) F(df¼2)
MDBF mood Karate 11.18 (1.94) 11.14 (1.36) 0.10 3.01 1.08
MBSR 11.13 (2.23) 11.67 (1.29)
Control 10.82 (1.51) 10.00 (2.21)
MDBF fatigue Karate 12.00 (2.27) 11.22 (1.77) 2.79 4.87* 0.71
MBSR 10.59 (1.23) 11.20 (0.86)
Control 10.59 (1.23) 10.00 (1.58)
MDBF agitation Karate 10.86 (1.46) 11.27 (1.58) 2.25 0.62 0.24
MBSR 10.47 (2.70) 11.27 (1.16)
Control 10.41 (2.27) 10.65 (2.09)
HADS-anxiety Karate 7.47 (4.15) 5.82 (3.88) 2.47 0.39 4.05*
MBSR 7.26 (3.78) 6.73 (3.32)
Control 5.64 (3.55) 6.23 (3.13)
HADS-depression Karate 4.68 (3.82) 3.69 (3.26) 2.39 0.32 1.49
MBSR 5.40 (4.23) 4.53 (3.44)
Control 4.58 (1.76) 4.88 (2.62)
LOT-R optimism Karate 8.78 (2.88) 9.22 (2.43) 0.56 0.03 0.29
MBSR 8.80 (2.37) 8.93 (1.83)
Control 9.06 (2.46) 9.06 (2.28)
LOT-R pessimism Karate 5.09 (2.79) 4.13 (2.72) 0.88 0.18 1.42
MBSR 4.73 (2.58) 4.40 (2.82)
Control 4.00 (2.18) 4.35 (2.74)
SF-12 physical Karate 46.97 (8.27) 45.28 (9.55) 1.62 1.01 0.45
MBSR 50.31 (6.69) 49.76 (6.77)
Control 48.65 (8.54) 48.32 (10.50)
SF-12 mental Karate 47.47 (12.97) 54.70 (5.85) 5.20* 1.01 3.19*
MBSR 47.11 (10.82) 50.66 (7.00)
Control 53.19 (6.05) 52.10 (6.74)
Note. MDBF ¼ Multidimensionaler Befindlichkeitsfragebogen (Multidimensional Mood Ques-
tionnaire); MBSR¼ mindfulness-based stress reduction; HADS¼ Hospital Anxiety and Depres-
sion Scale; LOT-R ¼ Life Orientation Test–Revised. SF-12 ¼ Short Form of the Health Survey–
12 Item Version. TICS ¼ Trier Inventory for Chronic Stress.
*p < .05.
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There was a significant main effect of time concerning the mental sum-
mary score of the SF-12 (p ¼ .027, Z2 ¼ .10), indicating that perceived
mental health improved significantly from preassessment to postassessment.
Yet, there was also a significant interaction effect of Group Time (p¼ .05,
Z2 ¼ .12). Post hoc analyses revealed that this improvement was only sig-
nificant within the karate group (p ¼ .011), but not significant in the MBSR
group (p ¼ .242), nor in the control group (p ¼ .320). Furthermore, a sig-
nificant Group  Time interaction emerged for HADS-anxiety (p ¼ .023,
Z2 ¼ .135). Post hoc analyses revealed that this improvement was only
significant within the karate group (p ¼ .008), but not in the MBSR group
(p ¼ .465), nor in the control group (p ¼ .181).
As shown in Table 2, no other significant main effects of time or inter-
action effects of training Group  Time emerged in relation to measures of
well-being or subjective health.
Cognitive Performance
Results regarding cognitive performance are summarized in Table 3.
There was a main effect of group for mental rotation performance (mental
rotation; p ¼ .012, Z2 ¼ .16), cognitive processing speed (ZVT; p ¼ .007,
Z2 ¼ .18), as well as working memory performance (digit span; p < .001,
Z2 ¼ .29). Bonferroni-corrected post hoc analyses of these group effects
revealed a better mental rotation performance in the control group compared
to the karate group (p ¼ .020) and the MBSR group (p ¼ .042). The control
group also outperformed the MBSR group in the cognitive processing speed
(p¼ .006), but there was no significant difference between the control group
and the karate group (p ¼ .106). Concerning working memory performance
in the digit span task, the control group remembered significantly more
numbers than both the karate group (p ¼ .001) and the MBSR group
(p < .001). Post hoc analyses showed that the karate group and the MBSR
group did not differ significantly on any of these measures (mental rotation:
p > .999; ZVT: p ¼ .492; digit span: p > .999). As shown in Table 3, there
was no main effect of training group concerning the inhibitory performance
in the Stroop task.
The analyses yielded significant main effects of time for all indicators
of cognitive function. As shown in Table 3, participants’ performance
improved significantly from preassessment to postassessment concerning
the mental rotation (p < .001, Z2 ¼ .23), inhibition (p < .001, Z2 ¼ .24),
and cognitive processing speed (p < .001, Z2 ¼ .35). In contrast, the
working memory performance, that is, the number of remembered digits
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in the digit span task, decreased significantly from pre- to postassessment
(p < .001, Z2 ¼ .24).
There was no significant interaction effect between group and time for
mental rotation (p ¼ .726, Z2 ¼ .01), inhibition (p ¼ .789, Z2 ¼ .01), or
working memory performance (p < .992, Z2 < .01). However, a significant
interaction effect of group and time emerged for the information processing
speed in the ZVT (p ¼ .010, Z2 ¼ .16). Post hoc analyses revealed that the
cognitive processing speed improved significantly only in the karate group
(p < .001), whereas no improvement emerged in the MBSR group, (p¼ .100)
or the control group (p ¼ .183).
Stress Variables and Correlation between Baseline Stress-Level
and Pre–post changes
Concerning the level of self-reported chronic stress, the repeated measure
ANOVA yielded no significant main effects of group or time on any of the
TICS subscales (see Table 4). Similarly, no significant interaction effects
between group and time emerged with the exception of the subscale ‘‘lack of
social support’’ (TICS LSR; p ¼ .044, Z2 ¼ .12). While there was no dif-
ference between the training groups at preassessment, F(2, 54) ¼ 1.04,
p ¼ .362, Z2 ¼ .04, a difference in lack of social support emerged at post-
assessment, F(2, 54) ¼ 4.37, p ¼ .018, Z2 ¼ .15. Bonferroni-corrected post
hoc analyses revealed that the MBSR group reported significantly less lack
of social support than the control group (p < .021). No difference emerged
between the MBSR and the karate group (p > .999) or the karate group and
the controls (p ¼ .063). Concerning stress from ‘‘lack of social support,’’ the
karate group did not improve significantly from pre- to postassessment
(p ¼ .576). In the MBSR group, there was a trend toward decreased stress
(p¼ .09), while there was a trend toward an increase at postassessment in the
control group (p ¼ .085).
As shown in Table 4, the two training groups did not significantly differ at
preassessment with regard to HCC.
Subsequently, we correlated self-reported (TICS Screening Scale) and
physiological (hair cortisol) stress indicators at preassessment with the
amount of change in the dependent variables from pre- to postassessment
(i.e., difference scores of postminus preassessment values; see Table 5).
Based on the respective variable’s coding, improvements are evident in
positive or negative difference scores (positive difference scores: well-
being in the MDBF, optimism, physical and mental subjective health, cog-
nitive processing speed, inhibitory control, and working memory; negative
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Table 4. Descriptive Statistics and F-statistics of Repeated Measure Analyses of
Variance of Psychological and Physiological Stress as a Function of Group and Time.
Stress Indicator Group
Pre Post Time Group
Time 
Group
M (SD) M (SD) F(df ¼ 1) F(df ¼ 2) F(df ¼ 2)
Hair cortisol
(pg/mg)
Karate 11.15 (7.75) — — 0.60 —
MBSR 14.91 (21.29) — —
Control — —
TICS screening Karate 8.09 (4.51) 7.47 (3.87) 0.42 0.03 1.52
MBSR 7.56 (3.82) 7.70 (3.77)
Control 7.34 (2.09) 7.67 (2.31)
TICS WO Karate 9.59 (7.04) 9.77 (6.29) 0.08 0.21 0.01
MBSR 10.13 (6.90) 10.20 (6.95)
Control 8.76 (5.07) 8.88 (4.23)
TICS SO Karate 9.95 (5.64) 9.41 (5.39) 1.06 0.58 2.07
MBSR 9.00 (5.78) 10.93 (5.15)
Control 8.23 (4.16) 8.41 (3.96)
TICS PP Karate 11.50 (8.28) 10.86 (7.40) 0.04 0.36 0.61
MBSR 12.80 (7.90) 13.33 (7.85)
Control 12.53 (6.98) 12.94 (6.38)
TICS WD Karate 11.43 (6.73) 9.76 (5.82) 1.53 1.46 1.70
MBSR 7.86 (4.59) 7.86 (3.30)
Control 9.06 (3.42) 9.09 (3.93)
TICS EDW Karate 7.10 (5.66) 6.56 (4.69) 0.13 0.05 1.92
MBSR 6.29 (3.73) 6.19 (4.35)
Control 6.12 (1.36) 6.57 (1.66)
TICS LSR Karate 3.32 (3.40) 3.14 (2.95) 0.11 2.60 3.31*
MBSR 3.07 (1.94) 2.40 (1.55)
Control 4.29 (1.79) 4.94 (2.66)
TICS ST Karate 6.50 (4.53) 6.36 (4.59) 0.19 0.04 0.54
MBSR 6.20 (3.30) 6.13 (4.41)
Control 5.76 (3.35) 6.41 (3.89)
TICS SI Karate 6.45 (4.70) 5.55 (3.62) 1.30 0.33 1.36
MBSR 7.40 (4.64) 6.67 (4.34)
Control 6.65 (3.48) 7.06 (5.39)
TICS CW Karate 7.14 (4.35) 6.59 (3.80) 0.07 1.92 0.71
MBSR 6.07 (3.37) 6.07 (3.59)
Control 4.65 (2.57) 4.94 (2.19)
Note. TICS ¼ Trier Inventory for Chronic Stress; MBSR ¼ mindfulness-based stress reduction;
WO ¼ work overload; SO ¼ social overload; PP ¼ pressure to perform; WD ¼ work dis-
content; EDW ¼ excessive demands at work; LSR ¼ lack of social recognition; ST ¼ social
tensions; SI ¼ social isolation; CW ¼ chronic worrying.
*p < .05.
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difference scores: anxiety and depression, pessimism, perceived stress, and
mental rotation). When improvements are reflected by positive differences,
a positive correlation suggests that higher stress at baseline leads to stron-
ger improvements. On the other hand, the same implication would be made
by a negative correlation in which case improvements are reflected in
negative differences.
Table 5 is subdivided in two parts: The upper part contains the variables
where positive difference scores indicate improvements, the lower part con-
sists of the negative difference scores which indicate improvement. Table 5
shows that self-reported chronic stress at preassessment (screening sum
score) was positively correlated with difference scores for somatic health.
This indicates that the higher the level of baseline self-reported perceived
stress, the stronger the improvement in somatic health. In contrast, preassess-
ment stress was negatively correlated with changes in psychiatric health and
Table 5. Pearson Correlation Coefficients of Hair Cortisol and the TICS Global
Score with the Pre–Post Difference Scores in Cognitive Performance and Emotional
Well-Being in the Training Groups (N ¼ 37).
Category Difference Score Pre–Post Hair cortisol, r TICS, r
Positive difference score suggesting improvement
Cognitive performance Stroop .043 –.169
ZVT .222 –.040
Digit span .110 –.167
Emotional well-being MDBF mood .047 –.193
MDBF fatigue .161 .166
MDBF agitation .054 –.088
LOT-R optimism –.002 –.400*
Subjective health SF-12 physical .373* .510***
SF-12 mental –.070 –.683***
Negative difference score suggesting improvement
Cognitive performance MRT –.233 –.022
Emotional well-being HADS-anxiety –.161 .613***
HADS-depression –.247 .276*
LOT-R pessimism –.320 –.161
Psychological stress TICS screening –.063 .383*
Note. MRT ¼ mental rotation test; stroop ¼ stroop color–word interference test; ZVT ¼
number connection test; digit span test MDBF ¼ Multidimensionaler Befindlichkeitsfragebogen
(multidimensional mood questionnaire). HADS ¼ Hospital Anxiety and Depression Scale. LOT-
R ¼ Life Orientation Test–Revised. SF-12 ¼ Short Form of the Health Survey–12 Item Version.
TICS ¼ Trier Inventory for Chronic Stress.
*p < .05. **p < .01. ***p < .001.
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optimism. Both correlations indicate that a higher level of baseline self-
reported stress was related to less change or worsening of subjective mental
health and optimism. Furthermore, it was shown that an initially higher
cortisol level was associated with larger improvement in subjective phys-
ical health.
Figure 1. Kata ‘‘Heian Shodan’’ (Tartaglia, 2003).
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Finally, self-reported chronic stress at preassessment was positively
correlated with difference scores for depression and anxiety as well as
chronic stress itself (lower half of Table 5 shows the negative difference
scores suggest improvement). Thus, the higher the level of baseline self-
reported perceived stress, the higher the increase in depression, anxiety,
and chronic stress.
Discussion
The aim of the present study was to compare the effects of a DKV-karate
training and a MBSR training on emotional well-being, subjective health,
and cognitive performance. The number of completed training sessions was
not associated with the amount of change in well-being and cognitive func-
tioning. Concerning treatment effects, the karate group showed an improve-
ment in cognitive processing speed and subjective mental health and anxiety
from pre- to postassessments compared to the MBSR training and control
group. The MBSR group showed, by trend, an improvement in perceived
stress from lack of social support compared to the control group. No signif-
icant effect of the training emerged for mental rotation, inhibition, working
memory, or any of the indicators of emotional well-being. Both training
groups and the controls improved in mental rotation, inhibition, and cogni-
tive processing speed but worsened in working memory from pre- to post-
assessment. Higher self-reported stress at preassessment, but not the hair
cortisol level, was associated with a stronger increase in depression, anxiety,
and chronic stress from pre- to posttraining but less increase in subjective
mental health and optimism. However, higher self-reported stress at preas-
sessment was associated with an increase in subjective physical health.
The relatively high treatment adherence, particularly for karate training,may
be indicative of a high acceptability among older adults. This is a benefit
compared to othermedical or psychotherapeutic treatmentswith typically lower
adherence, such as long-termmedication (Osterberg& Blaschke, 2005). More-
over, the lack of association between training adherence and pre–post interven-
tion changesmaybe a statistical artifact due to the small variancewith respect to
the number of completed sessions and the use of nonclinical volunteers.
Concerning the changes in cognitive performance only one effect
emerged, namely, an improvement of cognitive processing speed in the
karate group. This result reflects similar findings of lacking or only small
effects in studies that investigated karate and MBSR with regard to executive
function (Gard et al., 2014; Moynihan et al., 2013). One explanation may be
that these studies, including the present, have sampled healthy participants.
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There is meta-analytical evidence that mindfulness interventions yield larger
effects in samples with low base rate functioning (Baer, 2003; Zoogman,
Goldberg, Hoyt, &Miller, 2015). Moreover, the present study did not include
a follow-up assessment. Thus, it is not possible to disentangle whether the
karate or MBSR training contribute to maintaining, rather than improving,
the cognitive performance in comparison to the control group. Another note-
worthy fact is the significant effect of time on cognitive functioning, which
potentially results from repeated testing with the same instruments within a
relatively short period of time (8 weeks). Such practice effects may have
obliterated training effects, which represent a limitation for the internal
validity of this study.
Our study showed a training effect of karate on anxiety and self-rated
mental health, which is in line with our former study (Jansen & Dahmen-
Zimmer, 2012). The fact that the MBSR training did not have such an effect
is in contrast previous studies (Baer, 2003). However, Mallya and Fiocco
(2016) also could not show any positive effects of a mindfulness intervention
on emotional well-being in healthy older adults.
The karate training together with a partner was introduced to improve
feelings of social support. Instead, a trend toward improvement in perceived
stress due to lack of social support was found in the MBSR group but not in
the karate group. This may reflect the philosophy of kind and nonjudgmental
thinking which is an integral part of the MBSR processes (Ho¨lzel et al., 2011;
Kabat-Zinn, 2003). Mindfulness practices may increase the insight into the
impermanence of situations and the ability of self-regulation and self-
liberation (Kabat-Zinn, 1994), thus empowering individuals and increasing
perceived self-efficacy. Moreover, mindfulness practice teaches attending to
oneself, others, and different situations with a nonevaluative attitude of
patience, acceptance, kindness, and compassion. Consequently, individuals
are more forgiving toward others whom they expected support from, thus
reducing stress from lack of social support.
The physiological stress indicator (accumulated cortisol in hair) had little
association with subsequent treatment change whereas self-reported stress
correlated with medium to high effect sizes with the change on several
measures. Some of these correlations were unexpected in that high initial
stress level were related to stronger increases in anxiety, depression, and
perceived chronic stress as well as to decreases in optimism and subjective
mental health. The source of this effect remains unclear. One possible expla-
nation—which could be tested in future research—may be that the patients
with higher initial stress were under considerable strain with respect to the
‘‘success’’ of the training. Maybe they were eager to feel better after the
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training and somewhat disappointed that changes were subjectively small. A
divergence between bio-physiological and psychological measures has been
established in other contexts as well. At least with respect to acute stress, it
was recently shown that endocrine stress responses lag behind acute psycho-
logical responses but that time-lagged correlations lead to a much closer
coupling than reported in earlier studies (Schlotz et al., 2008). However, the
relationship between self-reported chronic stress and biological measures of
chronic stress is still under debate.
The present study has several limitations. It is important to note that the
multiple testing may have resulted in type II error inflation. Another limita-
tion is the fairly small sample of healthy volunteers. Furthermore, the short
time between pre- and postassessment may have led to practice effects in the
cognitive performance measures. Moreover, the postassessment immediately
followed the last training session. Thus, the karate and the MBSR group
participants may have been tired or at least in a different mood or physical
state compared to the baseline assessment. We cannot rule out that these
differences in mood or physical state influenced the results. Besides, the
three groups differed in the relative number of males and females participat-
ing. Interestingly, Colcombe and Kramer (2003) showed that some cognitive
beneficial effects were more pronounced if there were more females than
males in the training group.
The present study did not include a follow-up assessment which may
provide more insight in the maintenance of cognitive functioning and emo-
tional well-being rather than short-term improvements. Unfortunately, edu-
cational level was not measured, which should be integrated in future studies.
Furthermore, we decided not to give any homework to the MBSR group, as it
is usually done (Kabat-Zinn, 2003), because we wanted to keep the amount
of practice in the karate and MBSR groups comparable. But surely, this
procedure differs from the normal MBSR practice and might contribute to
the missing training effects on emotional well-being. Future intervention
studies should investigate the effect of different forms of karate and mind-
fulness based methods could be investigated in more detail, as it has been
discussed for Tai Chi (Burschka, Kuhn, Menge, & Oschmann, 2013).
In conclusion, the present study provided insight into the effects of karate
training and a MBSR training on emotional well-being, subjective health,
and cognitive functioning. Although the effects were overall small, the find-
ings suggest that karate and MBSR training are acceptable interventions
among older adults. Future research should thus address if these trainings
are beneficial in the maintenance of emotional and cognitive functioning in
older adults.
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